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Description
BACKGROUND
(Technical Field)

[0001] The present disclosure relates to a driving sup-
port apparatus that performs driving support control with
respect to a preceding vehicle running ahead of the own
vehicle.

(Description of Related Art)

[0002] In recent years, a driving support apparatus
mounted on a vehicle is becoming popular in order to
avoid a collision with other vehicles which approach to-
wards a travelling direction of the own vehicle from a
lateral direction. As a driving support apparatus, for ex-
ample, Japanese Patent Application Laid-Open Publica-
tion Number 2003-016599 discloses a technique that de-
tects, based on a lateral distance between the own ve-
hicle and other vehicle in the lateral direction, a situation
where the other vehicle as a preceding vehicle with re-
spect to the own vehicle interrupts ahead of the own ve-
hicle.

[0003] Thus, the driving support apparatus according
to the above-described patent literature determines,
when an other vehicle approaches from a lateral direction
towards a traffic lane where the own vehicle runs (i.e.,
present lane), whether the other vehicle moves in the
present lane (cutting in) from an adjacent lane, based on
a lateral distance to the other vehicle and a change in
the lateral distance.

[0004] However,thereisaconcern thatthedriving sup-
port apparatus erroneously detects cutting in of the other
vehicle even when the other vehicle does not cut in the
present lane (i.e. there is no actual movement between
lanes) after approaching the present lane from the adja-
cent lane, whereby an unnecessary alert may be issued
ordriving support such as automatic braking may be per-
formed.

[0005] DE 10 2005 025386 A1 discloses a method in-
volving detecting lane departure by a vehicle using an
analyzerbased on animage data, vehicle data, and driver
activity. Suppression of the warning is carried as a func-
tion of the evaluation, when evaluation of a driving situ-
ation is performed before detection. The detection of lane
departure is suppressed as a function of the evaluation,
when the evaluation is performed before detection. An
independent claim is also included for a device for warn-
ing a driver of a motor vehicle of lane departure.

[0006] EP 2287 060 A1 discloses a method involving
determining a road marking or a dimension for an angle
between two virtual lines in the image, which is commonly
coming from a defined starting point. The starting point
corresponds to the position of the camera. The one of
the lines runs to a detected image point or image section
in the vehicle and the other runs to the lane marker. The
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lines cut the image point or the image section and the
lane marker at common horizontal image plane. An in-
dependent claim is also included for a motor vehicle for
detecting a reeve process or veer process of a vehicle
running ahead.

SUMMARY

[0007] The present disclosure has been achieved in
light of the above-mentioned circumstances, and pro-
vides a driving support apparatus capable of reducing
unnecessary driving support control. The present inven-
tion is defined in the appended claims.

[0008] The driving support apparatus is configured to
determine whether or not the other vehicle is an object
of the driving support control, based on whether the other
vehicle moves in the presentlane from the adjacent lane.
In this case, the tip end lateral position is monitored,
thereby appropriately determining whether the other ve-
hicle moving towards the presentlane actually enters the
present lane or stops the movement between lanes.
Thus, in the case where the other vehicle approaches
towards the presentlane from the adjacentlane, but stays
in the adjacent lane without moving between lanes (with-
out cuttingin), unnecessary alertor adriving support such
as an automatic braking or the like can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the accompanying drawings:

Fig.1 is a block diagram showing a PCS system;
Fig.2 is an explanatory diagram showing a cutting in
by an other vehicle;

Figs.3A and 3B are diagrams each showing a lateral
position of the other vehicle;

Fig.4 is a diagram showing a lateral position of a front
end portion of the other vehicle;

Figs.5A and 5B are diagrams each showing an
amount of lateral movement of the other vehicle;
Fig.6 is a flowchart showing a driving support proc-
ess; and

Fig.7 is a diagram showing a predicted collision re-
gion in another example.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] Hereinafter, with reference to the drawings, em-
bodiments of the present disclosure will be described. In
the following embodiments, the same reference numbers
are applied to mutually identical or equivalent portions
and redundant explanation will be omitted. A driving sup-
port apparatus according to the present embodiments is
mounted on a vehicle (own vehicle), performing a driving
support process based on information about an other ve-
hicle 60 (preceding vehicle) existing near the own vehicle
50 such as in an area ahead of the own vehicle in the
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travelling direction thereof.

[0011] Fig.1 exemplifies a block diagram showing a
PCS (pre-crash-safety-system) system 100 used to
avoid a collision with the other vehicle 60 or mitigate col-
lision damage. The PCS system 100 is an example of a
vehicle system mounted on the vehicle. The PCS system
100 detects objects (other vehicles and the like) existing
around the own vehicle 50 and performs a collision avoid-
ance operation of the own vehicle or a collision mitigation
operation as a driving support control with respect to the
object, when the own vehicle 50 may collide with the de-
tected object.

[0012] The own vehicle 50 shown in Fig.1 is provided
with a radar apparatus 21, an imaging device 22, a ve-
hicle speed sensor 23, ECU 10, an alert device 31 and
a braking apparatus 32. In the embodiment shown in
Fig.1, the ECU 10 serves as a driving support apparatus.
The radar apparatus 21 and the imaging device 22 serve
as an object detecting apparatus.

[0013] The radar apparatus 21 is mounted on a front
portion of the own vehicle 50 such that the optical axis
thereof is oriented ahead of the own vehicle 50. The radar
apparatus 21 detects an object ahead of the own vehicle
50 (i.e., front object) using electromagnetic waves (prob-
ing waves) such as millimeter waves or laser having di-
rectivity. The radar apparatus 21 probes, at a predeter-
mined period using radar waves, a region spreading
ahead of the own vehicle 50 in a predetermined range,
and receives electromagnetic waves reflected at a sur-
face of the front object, thereby acquiring a relative po-
sition of the front object, and a relative speed of the front
object, as object information. Note that when the own
vehicle 50 is defined as the origin, the relative position
is acquired in a relative coordinate system where the X-
axis is defined as a vehicle width direction of the own
vehicle 50, and the Y-axis is defined as a travelling di-
rection of the own vehicle 50. In terms of relative position,
a component in the vehicle width direction (X-axis) refers
to a lateral position of the object with respect to the own
vehicle 50, and a component in the travelling direction
(Y-axis) of the own vehicle 50 refers to a distance to the
front object. The vehicle width direction can be referred
to as a direction that intersects (orthogonal) the travelling
direction of the own vehicle 50. The acquired object in-
formation (detected information) is transmitted to the
ECU 10.

[0014] The imaging device 22 is an in-vehicle camera
composed of a CCD camera, a CMOS image sensor, a
near-infrared ray camera or the like, for example. The
imaging device 22 is mounted to the own vehicle 50 at a
center portion in the vehicle width direction having a pre-
determined height (e.g., in the vicinity of the upper end
portion of wind shield), and captures a perspective image
of a region spreading ahead of the own vehicle in a pre-
determined range. The captured image (detected infor-
mation) is transmitted to the ECU 10 at a predetermined
period. Note that the imaging device 22 may be a single
camera or a stereo camera.
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[0015] The vehicle speed sensor23 detects atravelling
speed of the own vehicle 50 based on rotational speed
of wheels. The detection result of the vehicle speed sen-
sor 23 is transmitted to the ECU 10.

[0016] The alert device 31 alerts the driver that an ob-
jectis present ahead of the own vehicle 50 in accordance
with a control command from the ECU 10 (attracting driv-
er’'s attention). The alert device 31 is configured of a
speaker installed in a vehicle cabin and a display unit
that displays an image, for example.

[0017] The braking apparatus 32 brakes the own ve-
hicle 50. The braking apparatus 32 is activated when the
probability of collision with the front object becomes high.
Specifically, a braking force is controlled to be higher
than the braking operation of the driver (i.e., braking as-
sist function), or an automatic braking is applied when
no braking operation is performed by the driver (auto-
matic braking operation).

[0018] The ECU 10 is configured of a known-micro-
processor provided with a CPU, various memory units
(ROM, RAM) and the like, performing control on the own
vehicle 50 by using a calculation program and control
data stored in the memory units. The ECU 10 detects an
object (e.g., other vehicles) based on information output-
ted by the radar apparatus 21 and captured image out-
putted by the imaging device 22, and performs a driving
support control (e.g., PCS) controlling the alert device 31
and the braking apparatus 32.

[0019] Hereinafter, a driving support control performed
by the ECU 10 will be described. The ECU 10 sets a
predicted collision region where an object and the own
vehicle 50 may be collided. For example, the predicted
collision region is set based on a lateral speed Vx of the
object for example, such that the larger the lateral speed
Vx of the object, the more spreading in the vehicle width
direction (X-axis). Note that the width of the predicted
collision region in the vehicle width direction is set based
on the width of the own vehicle 50. The ECU 10 calculates
a collision prediction time (TTC: time to collision) to col-
lision of the object with the own vehicle. Specifically, the
ECU 10 calculates the TTC, based on the distance be-
tween the own vehicle 50 (intervehicle distance) and the
object and the relative speed therebetween, by dividing
the relative distance by the relative speed.

[0020] Then, the ECU 10 determines whether the lat-
eral position of the object outputted from the radar appa-
ratus 21 is in a predicted collision region. The ECU 10
activates each apparatus in accordance with the TTC
which is separately calculated and activation timings of
the alert device 31 and the braking apparatus 32, when
the lateral position of the object is within the predicted
collision region. Specifically, when the TTC is smaller
than or equal to the activation timing of the alert device
31, the ECU 10 activates the speaker or the like to issue
an alertto the driver. Inthe case where the TTC is smaller
than or equal to the activation timing of the braking ap-
paratus 32, the ECU 10 operates a braking control proc-
ess in which an automatic braking is activated thereby
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reducing the travelling speed at the collision. Alternative-
ly, each apparatus may be operated by using the inter-
vehicle distance between other vehicle 60 and the own
vehicle.

[0021] Ontheotherhand, foran objectdetection based
on the captured image, the ECU 10 acquires captured
image (image data) from the imaging device 22 and de-
termines, based on the captured image and dictionary
information for identifying objects, type of objects existing
ahead of the own vehicle. The dictionary information for
identifying objects is prepared for each type of objects
such as vehicle, motor cycle, pedestrian, obstacle on the
road or the like, and stored in a memory in advance. As
the dictionary information of the vehicle, at least a front
pattern and a rear pattern are prepared. Further, the front
and rear patterns may be provided for each of types of
vehicle, such as an oversize vehicle, a standard vehicle,
and a light vehicle. The ECU 10 performs pattern match-
ing between the captured image and the dictionary infor-
mation, thereby identifying the type of vehicle.

[0022] The ECU 10 acquires positional information of
the object (including lateral width of the object) in the
vehicle width direction (X-axis direction) with respect to
the travelling direction of the own vehicle 50. Then, driv-
ing support control is performed based on the positional
information and a predicted collision region of the object.
For example, a control object of the driving support con-
trol may be selected in accordance with an overlapping
ratio between the lateral width of the object and the pre-
dicted collision region.

[0023] It is possible that an other vehicle 60 existing
ahead of the own vehicle 50 may enter the present lane
S1 (i.e., movement between lanes). In this case, the proc-
ess determines that the own vehicle 50 may collide with
the other vehicle 60. Hence, an unnecessary driving sup-
port process may be performed.

[0024] For example, as shown in Fig.2, other vehicle
60 running on the right lane S2 which is adjacent to the
presentlane S1 may approach the presentlane S1where
the own vehicle is running. In this case, when the other
vehicle 60 approaches the present lane S1 from the right
lane S2, the process possibly determines that the pre-
dicted collision region and the lateral width (lateral posi-
tion) of the other vehicle 60 are overlapped. In this case,
since the process predicts that collision may occur even
when an interruption (movement between lanes) is dis-
continued after the other vehicle 60 approaches the
present lane S1 from the right lane S2 so as to stay in
the right lane S2, it is possible that unnecessary driving
support (e.g., braking of vehicle) is performed. In other
words, the process erroneously determines that the other
vehicle 60 running on the rightlane S2 cuts in the present
lane S1 whereby unnecessary driving support may be
performed.

[0025] Especially, in the case where the predicted col-
lision region is set such that the larger the lateral speed
VX, the more it is spread in the vehicle width direction,
unnecessary driving support is likely to be performed
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even when the other vehicle 60 stays in the adjacentlane.
[0026] Hence, according to the present embodiment,
since unnecessary driving support is suppressed based
on the other vehicle 60 performing no cutting in (move-
ment between lanes), the process accurately determines
whether cutting in to the presentlane S1is present. Here-
inafter, configuration of the ECU 10 which appropriately
performs the driving support, and processes execute by
the ECU 10 will be described in detail.

[0027] As shown in Fig.1, the ECU 10can function as
an acquiring unit 11 that acquires a travelling direction,
a distance (relative distance), a travelling speed of the
other vehicle 60. In more detail, the ECU 10 calculates
the travelling speed of the other vehicle 60 based on the
object information (lateral position, distance and relative
speed) outputted by the radar apparatus 21 and the trav-
elling speed of the own vehicle 50.

[0028] Note that the vertical speed Vy of the other ve-
hicle 60 is calculated by adding the relative speed be-
tween the own vehicle 50 and the other vehicle 60 to the
travelling speed of the own vehicle 50 acquired by the
vehicle speed sensor 23. The lateral speed Vx of the
other vehicle 60 is calculated using a change amount of
the lateral position of the other vehicle 60 per unit of time.
Then, the travelling speed V of the other vehicle 60 is
calculated based on the vertical speed Vy and the lateral
speed Vx of the other vehicle 60. At this time, based on
the vertical speed Vy and the lateral speed Vx of the other
vehicle 60, these speed components are combined,
thereby calculating the travelling direction of the other
vehicle 60 as well. In other words, the ECU 10 calculates
a velocity vector of the other vehicle 60. Then, the ECU
10 as the acquiring unit 11 acquires the travelling speed
and the travelling direction of the object (other vehicle 60).
[0029] In the case where the other vehicle 60 existing
ahead of the own vehicle 50 enters the present lane S1
(cutting in or the like), it is considered that the radar ap-
paratus 21 or the imaging device 22 possibly detects a
rear portion (e.g., rear end portion) of the other vehicle
60. This case may cause an inconvenientsuch as a delay
of the driving support control.

[0030] With reference to Figs.3A and 3B, it will be de-
scribed in more detail. Fig.3 is a circumstance in which
the other vehicle 60 cuts in the presentlane S1. InFigs.3A
and 3B, the own vehicle 50 and the other vehicle 60 are
present in the present lane S1, and the posture of the
other vehicle 60 is inclined towards the lateral direction
with respect to the present lane S1 (travelling direction
of the own vehicle 50). Note that Fig.3A illustrates a de-
tection result of the other vehicle 60 by the radar appa-
ratus 21, and Fig.3B illustrates a detection result of the
other vehicle which is detected by the imaging device 22.
[0031] In Fig.3A, a position (lateral position and dis-
tance) of the other vehicle 60 is detected based on re-
flection points of probing waves emitted from the radar
apparatus 21. Here, a plurality of detection points QA are
detected in accordance with portions to be reflection
points (detection points) of the probing waves, such as
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a rear side portion or an uneven region in the rear end
portion of the other vehicle 60. Among the plurality of
detection points QA, a representative point Q represent-
ing the other vehicle 60 is acquired. According to the
presentembodiment, a detection point having the highest
reflection intensity is set as the representative point.
Hence, according to the configuration, a detection point
corresponding to the rear end portion of the other vehicle
60 is likely to be set as the representative point Q in
Fig.3A. In this case, since the lateral position P of the
front end portion of the other vehicle 60 is closer to the
own vehicle than the representative point Q (detection
point QA) is, the driving support may be delayed.
[0032] On the other hand, as shown in Fig.3B, the po-
sition of the object (other vehicle 60) is detected based
on a result of the pattern matching of the captured image
by the imaging device 22. In this configuration, by com-
paring the captured image and the dictionary information
where the rear portion pattern of the vehicle is stored, a
lateral width WA of the rear portion of the other vehicle
60 is detected. Then, the ECU 10 identifies the lateral
position (e.g., end portion of the own vehicle 50 side)
based on the lateral width WA. In this case, the lateral
position P of the front end portion of the other vehicle 60
is closer to the own vehicle 50 than the lateral position
identified using the lateral width WA of the rear portion
is, and this may cause inconvenience in which the driving
support control is delayed.

[0033] According to the presentembodiment, the ECU
10 is configured to acquire a tip end lateral position in
the vehicle width direction, which is the closest position
to the own vehicle 50 among the lateral positions of the
other vehicle 60. Specifically, the ECU 10 determines
whether portions other than the front end portion of the
object (other vehicle 60) has been acquired by the radar
apparatus 21 or the imaging device 22.

[0034] For example, in the case where the image pat-
tern of the imaging device 22 and the pattern of the rear
portion are matched, the ECU 10 determines that por-
tions other than the front end portion have been acquired.
Also, when a travelling angle formed between the trav-
elling direction of the object (other vehicle 60) acquired
by the radar apparatus 21 and the travelling direction of
the own vehicle 50 is a predetermined value or more, the
ECU 10 determines that potions other than the front end
portion have been acquired. Thus, the ECU 10 functions
as a portion determination unit.

[0035] The ECU 10 estimates, based on the lateral po-
sition of portions other than the acquired front end potion,
the front end lateral position Px which is a tip end lateral
position of the object, when the ECU determines that
portions other than the front end portion of the object
(other vehicle 60) have been detected. As shown in Fig.4,
the front end lateral position Px corresponds to a lateral
position of the front end portion (either left or right side
ofthe object relative to a direction inclined to the travelling
direction of the own vehicle 50) of the other vehicle with
respect to the vehicle width direction of the own vehicle
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50.

[0036] More specifically, firstly, the ECU 10 calculates
the travelling angle 6 of the other vehicle 60 relative of
the travelling direction of the own vehicle, based on the
velocity vector. The travelling angle 6 indicates 6° when
the velocity vector 0 of the other vehicle 60 extends in
the same direction (i.e., in parallel) as the travelling di-
rection of the own vehicle 50, and the travelling angle 6
indicates larger angle as the other vehicle 60 is oriented
towards lateral direction with respect to the own vehicle
50.

[0037] Thereafter, the ECU 10 calculates, in accord-
ance with the following equation (1), the front end lateral
position Px of the other vehicle 60 as the calculated tip
end lateral position, based on the calculated travelling
angle 6 of the other vehicle 60, the acquired lateral po-
sition Qx and the vehicle length L of the other vehicle L.
[0038] Front end lateral position Px= sensor-detected
lateral position

Qx + vehicle length L xsin 6 -+ (1)

Here, the front end lateral position Px and the sensor-
detected lateral position Qx are values in the vehicle
width direction (X-axis component) of the relative coor-
dinate. In other words, in Fig.4, the sensor-detected lat-
eral position Qx corresponds to a lateral position of the
representative point Q, and the front end lateral position
Px corresponds to the lateral position P of the front end
lateral position Px. Also, the vehicle length L of the other
vehicle 60 refers to length information of the vehicle in
the front-rear direction (velocity vector direction) of the
other vehicle 60. For example, a predetermined value
(e.g., 4 meter) is set to the vehicle length.

[0039] According to a configuration shown in Fig.4, the
front end lateral position Px which is a tip end lateral
position of the other vehicle 60 is estimated using a de-
tection result of the radar apparatus 21. However, the
front end lateral position Px can be estimated as well by
using the lateral width WA of the rear portion of the other
vehicle 60 which is detected in accordance with the cap-
tured image of the imaging device 22. In other words, a
predetermined lateral position (e.g., left end lateral posi-
tion) of the lateral width WA is applied to the above equa-
tion (1), whereby the front end lateral position Px is cal-
culated. As described above, the ECU 10 serves as an
estimation unit.

[0040] On the other hand, when determined that no
portions other than the front end portion of the object
(other vehicle 60) have been acquired, the ECU 10 de-
termines a lateral position which is the closest to the own
vehicle 50 to be a tip end lateral position, among a lateral
position detected by the radar apparatus 21 and a lateral
position based on the lateral width WA of the object iden-
tified by a pattern matching of the captured image by the
imaging device 22. That is, when detecting the lateral
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position of the front end portion of the other vehicle 60,
or the traveling direction of the other vehicle 60 is close
to a parallel relationship with that of the own vehicle 50
so that there is no difference between the lateral position
of the front end portion and the lateral position of the rear
end portion, the ECU 10 identifies the tip end lateral po-
sition based on the detected lateral position and acquires
the identified tip end lateral position.

[0041] Also,the ECU 10 includes a function performed
by an object determination unit 12 that determines wheth-
er other vehicle is an object for driving support control.
Specifically, the ECU 10 as the object determination unit
12 determines, when the tip end lateral position of the
other vehicle 60 acquired by the acquiring unit 11 moves
inside the present lane S1 from the adjacent lane, that it
is a situation where the other vehicle 60 moves between
lanes (i.e., cutting in) towards the presentlane S1 so that
the other vehicle is an object (i.e., preceding vehicle) for
a driving support control.

[0042] Even in a case where the other vehicle 60 is in
an adjacent lane, the process may determine the other
vehicle 60 will move in the present lane S1. specifically,
even when the travelling direction of the other vehicle 60
changes, increasing an acceleration factor in a direction
where the other vehicle leaves the presentlane S1, there
is a steering angle and the acceleration of the vehicle are
limited. Accordingly, an amount of lateral movement of
the other vehicle 60 can be estimated.

[0043] According to the presentembodiment, the ECU
10 calculates, based on the travelling direction and speed
of the other vehicle 60 in the adjacent lane, an amount
of lateral movement of the other vehicle 60 in a direction
perpendicular to the present lane S1. Then the ECU 10
determines, based on the amount of the lateral move-
ment, whether the tip end lateral position will move into
the present lane S1 from the adjacent lane.

[0044] Withreference to Figs.5A and 5B, estimation of
an amount of lateral movement x1 (calculation) will be
described. According to the present embodiment, the
ECU 10 calculates an amount of lateral movement x1 in
a case where an acceleration of the other vehicle 60 oc-
curs in a direction away from the present lane S1. More
specifically, as shown in Figs.5A and 5B, the amount of
lateral movement x1 is calculated assuming a case
where a predetermined acceleration factor a1 occurs in
a direction perpendicular to the travelling direction of the
other vehicle 60 and a direction away from the present
lane S1.

[0045] As a predetermined acceleration factor a1, an
arbitrary value is stored in advance. However, the pre-
determined acceleration a1 may preferably be a value
close to the maximum value within possible acceleration
factors of the other vehicle 60. Also, appropriate value is
decided for the predetermined acceleration a1 based on
a result of experiment or the like. The maximum value of
the acceleration factor refers to a value when the steering
angle of the other vehicle 60 becomes maximum in a
direction away from the present lane S1, for example.
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[0046] Then, the ECU 10 estimates an amount of the
lateral movement x1 (calculation) based on the following
equation (2). Note that V indicates to a travelling speed
of the other vehicle 60, and ¢ indicates an entry angle at
which the other vehicle 60 enters the present lane. Note
that the entry angle ¢ and the travelling angle 6 is ap-
proximately the same so that the travelling angle 6 may
be used instead of using the entry angle ¢.

x1= (V?%/al) (1-cos®) ---(2)

[0047] As shown in Fig.5B, the ECU 10 determines
that the tip end lateral position of the other vehicle 60
moves (enters) into the present lane S1 when the calcu-
lated amount of the lateral movement x1 is larger than a
distance Xt between the present lane S1 and the tip end
lateral position. In this case, the ECU 10 determines that
the other vehicle 60 moves in the present lane S1 as a
movement between lanes and the other vehicle 60 is an
object (preceding vehicle) of a driving support control.
[0048] Onthe other hand, as shownin Fig.5A, the ECU
10 determines that the tip end lateral position of the other
vehicle 60 will not move in the present lane S1 when the
calculated amount of lateral movement x1 is less than or
equal to the distance Xt between the present lane S1 to
the tip end lateral position. In this case, the ECU 10 de-
termines a state where the other vehicle 60 will not move
in the present lane S1 as a movement between lanes,
and determines that the other vehicle 60 is not an object
(i.e., preceding vehicle) for the driving support control.
[0049] Also, as shownin Fig.1, the ECU 10 includes a
function executed by an other vehicle determination unit
13 that determines a state where the other vehicle 60
moves towards the present lane S1 (i.e., travelling road
on which the own vehicle 50 runs). According to the
present embodiment, the ECU 10 determines a state
where the other vehicle 60 will move towards the present
lane S1, when determining that other vehicle is present
in an adjacent lane and estimating that the other vehicle
60 will collide with the own vehicle 50.

[0050] Further, the ECU 10 includes a function execut-
ed by a support control unit 14 that performs a driving
support control, for example. Specifically, the ECU 10 as
the support control unit 14, when determining that the
other vehicle 60 moves between lanes, performs a brak-
ing control with an object of the other vehicle 60. Mean-
while, the ECU 10 restricts the braking control relative to
the other vehicle 60, when determining that the other
vehicle 60 does not move between lanes.

[0051] With reference to a flowchart in Fig.6, a driving
support process executed by the ECU 10 will be de-
scribed. This process is repeatedly executed at a prede-
termined period.

[0052] First, at step S11, the ECU 10 receives object
information outputted by the radar apparatus 21 and the
captured image outputted by the imaging device 22, and



11 EP 3 453 582 B1 12

acquires a travelling direction of the object, a lateral po-
sition, a distance (relative distance) and a travelling
speed.

[0053] Atstep S12,the ECU 10 determines, based on
the received captured image, whether other vehicle 60
is present in an area ahead of the own vehicle 50 and
within the adjacent lane. Specifically, at step S12, the
ECU 10 determines whether other vehicle 60 is present
by using a pattern matching technique with dictionary
information of rear pattern of the own vehicle.

[0054] Moreover, the ECU 10 determines whether oth-
er vehicle 60 is present in the adjacent lane or not, based
on the lateral position of an acquired object (i.e., other
vehicle 60), when determining that other vehicle 60 is
present.

[0055] Specifically, the ECU 10 defines a boundary of
right/left sides of the own vehicle S1, based on the mark-
ings at both sides (left and right sides) of the own vehicle
50. Note that the marking may be identified by a known
method based on the captured image outputted by the
imaging device 22, for example. The ECU 10 determines
whether the other vehicle 60 is present outside the
present lane S1 (i.e., in an adjacent lane) in a direction
that intersects the identified present lane S1. At this mo-
ment, for example, when at least a part of the lateral
position (lateral width) of the other vehicle 60 is present
within the adjacent lane, the ECU 10 determines that the
other vehicle 60 is present in the adjacent lane.

[0056] Accordingtothe presentembodiment,whenthe
other vehicle 60 is present outside the present lane S1,
the ECU determines that the other vehicle 60 is present
in the adjacent lane. However, the process may identify
all of markings and identify adjacent lanes based on the
marking lines.

[0057] If determination result at step S12 is negative,
the process is terminated. When the determination result
is affirmative at step S12, the process proceeds to step
S13.

[0058] Next, the ECU 10 determines, based on wheth-
er other vehicle 60 is present in a collision estimated re-
gion, whether a state is presentin which the other vehicle
moves towards the present lane S1 and may collide with
the own vehicle (step S13). Specifically, the ECU 10 sets
a collision estimated region based on the lateral speed
Vx of the other vehicle 60. At step S13, the ECU 10 de-
termines whether the lateral position of the other vehicle
60 is present (overlapped) within the set collision esti-
mated region. Note that the ECU 10 may estimate a tip
end lateral position and determine whether the estimated
tip end lateral position is within the collision estimated
region.

[0059] When the determination result at step S13 is
negative, since the other vehicle 60 and the own vehicle
50 will not collide with each other (it is not a case where
the other vehicle 60 will not move into the present lane
S1), the process terminates the procedure. When the
determination result at step S13 is affirmative, the proc-
ess proceeds to step S14.
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[0060] Next, the ECU 10 acquires a tip end lateral po-
sition (step S14). As described above, when it is deter-
mined that lateral positions other than that of the front
end portion of the other vehicle 560 have been acquired,
the ECU 10 estimates the front end lateral position Px of
the other vehicle 60, based on the travelling direction of
the other vehicle 60 and portions other than the front end
portion, and acquires the estimated front end lateral po-
sition Px as the tip end lateral position. Moreover, when
it is determined that no lateral position of a portion other
than the front end potion of the other vehicle 60 is de-
tected, the ECU identifies the tip end lateral position of
the other vehicle 60 which is the most close to the own
vehicle 50, based on the detected object information and
the captured image, and acquires the identified tip end
lateral position.

[0061] Next, the ECU 10 determines, based on the
movement (or predicted movement) of the tip end lateral
position into the present lane S1 from the adjacent lane,
whether the other vehicle 60 moves into the present lane
S1 as a movement between lanes (step S15). In step
S15, the ECU 10 determines, when the tip end lateral
position acquired at step S14 moves into the presentlane
S1 from the adjacent lane, a state where the other vehicle
60 moves into the present lane S1. Also, at step S15, as
described above, the ECU 10 estimates an amount of
lateral movement x1 of the other vehicle 60, and deter-
mines a state where the other vehicle 60 moves into the
present lane S1 as a movement between lanes, even
when the lateral movement amount x1 is larger than a
distance between the tip end lateral position of the other
vehicle 60 and the present lane S1. When the ECU 10
determines that the other vehicle 60 moves into the
present lane S1 from an adjacent lane, the ECU 10 sets
the other vehicle 60 to be an object for running control.
In the case where it is determined that a lateral position
of a portion other than the front end portion of the other
vehicle 60 has been acquired at step S14, the ECU 10
determines, at step S15, that the front end position Px of
the estimated other vehicle 60 to be a tip end lateral po-
sition.

[0062] When the determination result at step S15 is
affirmative, the process proceeds to step S16, and when
the determination result at step S15 is negative, the proc-
ess proceeds to step S18.

[0063] When the determination result at step S15 is
affirmative, the ECU 10 determines whether a braking
control as a driving support control is activated (step
S16). For example, when the collision prediction time be-
tween the other vehicle 60 existing in a predicted collision
region and the own vehicle 50 is shorter than a first period
T1, the ECU 10 determines activation of the braking con-
trol as he driving support control. When the determination
result at step S16 is negative, and terminates the proce-
dure. When the determination result at step S16 is af-
firmative, the process proceeds to step S17. Then, the
ECU 10 performs the braking control as a driving support
control, and transmits an activation command to the brak-
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ing apparatus 32 (step S17). The ECU 10 immediately
stops the process of step S17 being executed if the other
vehicle goes out from the predicted collision region while
the ECU 10 is transmitting the activation command to the
braking apparatus 32, and terminates the procedure.
[0064] On the other hand, if the determination result at
step S15 is negative, the ECU 10 determines whether
an alert control is performed or not (step S18). For ex-
ample, the ECU 10 determines an activation of an alert
process when the collision prediction time between the
other vehicle 60 existing in the predicted collision region
and the own vehicle 50 is shorter than a second period
T2. According to the present embodiment, the second
period T2 is linger than the first period T1.

[0065] When the determination result at step S18 is
negative, the ECU 10 terminates the procedure. When
the determination result at step S18 is affirmative, the
process proceeds to step S19. Then, the ECU 10 acti-
vates an alert control and transmits an activate command
to the alert device 31 (step S19). The ECU 10 immedi-
ately stops the process of step S19 being executed if the
other vehicle goes out from the predicted collision region
while the ECU 10 is transmitting the activation command
to the alert device 31, and terminates the procedure.
[0066] Accordingto the above detailed description, the
following advantageous effects can be obtained.

[0067] In the case where the other vehicle 60 ap-
proaches the present lane S1 from an adjacent lane, but
the other vehicle 60 does not cut in the present lane S1
(movement between lanes) and stays in the adjacent
lane, the tip end lateral position of the other vehicle 60
does not move in the present lane S1. Accordingly, the
ECU 10 is configured to determine a state where the
other vehicle 60 is moving in the present lane S1 as a
movement between lanes, based on the movement or a
predicted movement of the tip end lateral position into
the present lane S1 from the adjacent lane. Then, when
it is determined that the other vehicle 60 will not move
between lanes, the ECU 10 recognizes that the other
vehicle 60 is not an object of the braking control as a
driving support control. Thus, even in the case where the
other vehicle 60 approaches the present lane S1 from
an adjacent lane, the other vehicle 60, but stays in the
adjacent lane without cutting into the present lane S1,
unnecessary driving support control (braking control) can
be suppressed.

[0068] When the other vehicle 60 moves between
lanes (cutting in), normally, the front end portion of the
other vehicle 60 enters the present lane in the earliest
than other portions. However, depending on character-
istics of the radar apparatus 21 and the imaging device
22 or a shape and a state of the other vehicle 60, the
front end portion of the other vehicle 60 is unlikely to be
acquired so that portion other than the front end portion
may be acquired. Eveninthis case, the ECU 10 estimates
the front end lateral position Px which is a tip end lateral
position based on the travelling direction of the other ve-
hicle 60 and the vehicle length L, and acquires the esti-
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mated frontend lateral position Px to be the tip end lateral
position. Then, the ECU 10 determines a state of move-
ment between lines (cutting in) based on the tip end lat-
eral position. Hence, the ECU 10 is able to appropriately
determine a state of movement between lines. Also, cut-
ting in can be determined earlier than a case where cut-
ting in is determined based on a lateral position of a por-
tion other than the front end portion.

[0069] The ECU 10 estimates an amount of lateral
movement x1 of the other vehicle 60 based on the trav-
elling direction and the speed of the other vehicle 60 in
the adjacent lane, and determines that the tip end lateral
position is about to move to the present lane S1 from the
adjacentlane based on the lateral movement x1. In other
words, even in the case where the other vehicle 60 is in
the adjacent lane, when determining that it is impossible
to stay in the adjacent lane based on a travelling direction
or the like, the ECU 80 determines a state where the
other vehicle 60 moves to the presentlane S1as a move-
ment between lanes. Accordingly, a cutting in event can
be appropriately determined and unnecessary driving
support can be reduced.

[0070] The ECU 10 calculates an amount of lateral
movement x1 when the travelling direction of the other
vehicle 60 changes to a direction away from the present
lane S1, thatis, an acceleration factor of the other vehicle
60 is generated in a direction away from the own vehicle
S1. Therefore, the ECU 10 is able to appropriately de-
termine whether the other vehicle moves between lanes
or not, even when the other vehicle 60 stops movement
between lanes (cutting in) so that an acceleration factor
of the other vehicle 60 increases in a direction away from
the present lane S1. Accordingly, unnecessary driving
support control (automatic brake) can be suppressed.
[0071] The ECU 10 performs a driving support when
the other vehicle 60 is determined to move between lanes
and when it is determined that the other vehicle 60 and
the own vehicle 50 are predicted to collide to each other.
Hence, even when the other vehicle 60 move into the
present lane S1, if a collision is not predicted, the other
vehicle is not regarded as an object for driving support
control of the own vehicle. Therefore, unnecessary driv-
ing support control can be suppressed.

[0072] The ECU 10 performs an alert process when a
collision is predicted but a state is determined that the
other vehicle 60 will not move between lanes. On the
other hand, the ECU 10 performs a braking control in-
stead of the alert control when a collision is predicted and
a state where the other vehicle 60 moves into the present
lane S1 as amovement between lanes. Thus, depending
on such situations an alert process and a braking control
are performed, thereby notifying the driver of situation
surrounding the own vehicle. Also, depending on various
situations, appropriate types of driving support can be
performed.
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(Other Embodiment)

[0073] The present disclosure is not limited to the
above-described. For example, embodiments can be
modified as follows. Hereinafter, the same reference
numbers are applied to mutually identical or equivalent
portions through embodiment and the same explanation
will be applied.

[0074] Inthe above-described embodiments, the ECU
10 may perform a driving support control (PCS) using a
seatbelt apparatus. The seatbelt apparatus is composed
of a seatbelt provided in each seat of the own vehicle 50
and a pretensioner that withdraws the seatbelt. The seat
belt apparatus performs, as a PCS operation, a prelimi-
nary action of a tensioning of the seatbelt when the prob-
ability of collision between the own vehicle 50 and the
other vehicle 60 becomes high. When it is determined
that collision cannot be avoided, the seatbelt apparatus
is controlled such that the seatbelt is tightened (i.e., to
eliminate slack) to fix the passenger onto the seat to pro-
tect the passenger.

[0075] According to the above-described embodi-
ments, the present lane S1 where the own vehicle 50
runs is determined by a marking. However, the present
lane (running road) can be determined by other methods.
For example, the ECU 10 may determine a boundary of
right/left sides of the running road using a width of the
own vehicle 50 or a predetermined width with respect to
the center ofthe own vehicle in the width direction thereof.
The predetermined width can be changed arbitrarily. For
example, a width related to a possible collision (e.g., dou-
ble the width of the own vehicle 50) may be set as a
predetermined width. Also, the predetermined width may
be changed depending on the travelling speed of the own
vehicle 50 and the travelling speed of the othervehicle 60.
[0076] The other vehicle 60 is not limited to a four-
wheel vehicle but may be a two-wheel vehicles or bicycle.
[0077] According to the above-described embodi-
ments, when a plurality of other vehicles 60 are detected,
the driving support process may be executed for each
vehicle, or may be performed for the closest other vehicle
60 as an object.

[0078] According to the above-described embodi-
ments, it is determined whether a probability of collision
between the own vehicle 50 and other vehicle 60 is high.
However, other methods can be employed to determine
probability of collision. For example, the process may
identify, based on a steering angle or a travelling speed
of the own vehicle 50, an estimated travelling path of the
own vehicle 50, and identify an estimated travelling path
of the other vehicle 60 based on information (location
and travelling speed) about the other vehicle 60, and may
determine the probability of collision with a determination
whether the estimated travelling paths intercept or not.
[0079] According to the above-described embodi-
ments, the radar apparatus 21 and the imaging device
22 detect other vehicle 60. However, other vehicle 60
may be detected by other apparatuses. For example, oth-
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er vehicle 60 and the own vehicle 50 are configured to
be communicable to each other such that the other ve-
hicle 60 is detected based on received information from
the other vehicle 60. Also, a laser sensor may be em-
ployed as a vehicle detection apparatus. Moreover, either
the radar apparatus 21 or the imaging device 22 may be
used.

[0080] According to the above-described embodi-
ments, the ECU 10 calculates a travelling direction of the
other vehicle 60 based on object information of the radar
apparatus 21 and captured images from the imaging de-
vice 22. However, the travelling direction of the other ve-
hicle 60 may be calculated by the radar apparatus 21 or
the imaging device 22, and the calculated result may be
transmitted to the ECU 10.

[0081] Inthe present embodiment, any method can be
used to estimate (calculate) the lateral movement x1
based on the entry angle ¢ and the travelling speed V.
For example, a lateral speed may be calculated by using
the entry angle ¢ and the travelling speed V. Forexample,
a lateral speed is calculated based on the entry angle ¢
and the travelling speed V, and add a predetermined time
(e.g., 0.5 second to 2 second) to the lateral speed, there-
by calculating an amount of lateral movement.

[0082] In the above-described embodiments, the rep-
resentative point Q among the points detected by the
radar apparatus 21 may be a point selected from a plu-
rality of detection points (e.g., point having a larger re-
flection intensity, a left end point, a right end point, an
intermediate point among the plurality of detection
points), or a mid point between the left end point and the
right end point).

[0083] According to the above-described embodi-
ments, the ECU 10 may perform a braking control in ad-
dition to the alert control, when a collision is predicted
and the other vehicle 60 moves into the present lane S1
as a movement between lanes. In other words, the con-
tent of the driving support control may be changed to any
content. For example, the driving support control may
include an alert control.

[0084] In the above-described embodiments, a meth-
od of setting the predicted collision region can be arbi-
trarily changed. For example, a probability of collision
may be predicted based on a determination whether a
lateral position of an object and a collision prediction time
are within the collision prediction region or not, where the
lateral position of an object is set to a horizontal axis (X-
axis), and the collision prediction time is set to a vertical
axis (Y-axis)

[0085] The predicted collision region may be adjusted
based on a lateral speed of an object or a collision pre-
diction time. For example, the adjustment can be made
such that a right boundary line of the predicted collision
region may be a linear line expressed by the following
equation (3), and a left boundary line of the predicted
collision region may be a linear line expressed by the
following equation (4). Note that Xr refers to a right end
of the front end portion of the own vehicle 50, and X1
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refers to a left end of the front end portion of the own
vehicle 50. Also, Xr (t) refers to a lateral position of the
right boundary line of the predicted collision region at
time t, X1 (t) refers to a lateral portion of a left boundary
line of the predicted collision region at time t. Further, Vx
(t) refers to a lateral speed of an object at time t, TTC
refers to a collision prediction time. A direction of the lat-
eral speed Vx (t) is defined such that the right direction
is positive direction. The upper limit of the collision pre-
diction time TTC (t) refers to second time T2.

Xr(t) =Xr-Vx () xTTC ---(3)

X1 (t) = X1 - Vx (t) x TTC: - - (4)

[0086] Fig.7 shows a predicted collision region after
adjustment. Note that the predicted collision region in
Fig.7 is defined assuming a case where an object moves
in the left direction (a direction approaching the own ve-
hicle 50). The collision prediction time is added to the
lateral speed of the object, thereby calculating an amount
of a lateral movement of the object within the collision
prediction time. The collision prediction time is adjusted
considering an amount of lateral movement of an object
within the collision predicted time, whereby erroneous
predictions can be suppressed, the erroneous prediction
including a case where an other vehicle 60 entering the
present lane after the own vehicle 50 passed though is
predicted as an object, or a case where an other vehicle
60 intercepting the own vehicle 50 is predicted to collide
with the own vehicle 50.

[0087] In the above-described embodiments, a width
of the predicted collision region is not limited to the width
ofthe own vehicle 50. However, the width of the predicted
collision region can be larger than that of the own vehicle
50. For example, the width of the predicted collision re-
gion may be changed depending on travelling speed of
the own vehicle 50 or other vehicle 60.

[0088] Inthe above-described embodiments, the ECU
10 may recognize a shape of the other vehicle 60 based
on the detection information to estimate the tip end lateral
position. For example, the ECU 10 identifies types of ve-
hicle such as a two-wheel vehicle, a standard vehicle, a
bicycle and a truck, based on the rear pattern of the ve-
hicle. Then, the ECU 10 estimates a vehicle length L
based on the types of vehicle and may estimate a tip end
vertical position based on the estimated vehicle length L
and the lateral position of the other vehicle 60.

[0089] Inthe above-described embodiments, whenthe
determination result at step S14 is negative, the ECU 10
may terminate the driving support process without per-
forming the alert process. In other words, an execution
of the alert control may be restricted.

[0090] In the above-described embodiments, in the
case where the ECU 10 determines that other vehicle 60
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is present in an adjacent lane and a predicts a collision
between the own vehicle and the other vehicle 60, the
ECU 10 determines that the other vehicle 60 moves to-
wards the present lane S1. Alternatively, in the case
where the other vehicle 60 is present in the adjacentlane
and the other vehicle 60 approaches towards a side of
the own vehicle 50, the ECU may determine a state where
the other vehicle 60 is moving towards the present lane
S1. Also, when determining that a collision may occur,
the ECU 10 may determine a state where the other ve-
hicle 60 is moving towards the present lane S1.

Claims

1. A driving support apparatus (10) for a vehicle pro-
vided with an object detecting apparatus (21, 22) that
is configured to detect an object surrounding an own
vehicle (50), the driving support apparatus perform-
ing a driving support control with respect to a pre-
ceding vehicle running ahead of the own vehicle
based on detection information, the driving support
apparatus comprising:

an other vehicle determination unit (13) that is
configured to determine whether or not a moving
state is present in which an other vehicle in an
adjacent lane adjacent to a present lane where
the own vehicle runs, moves towards the
present lane;

an acquiring unit (11) that is configured to ac-
quire, based on the detection information of the
object detecting apparatus, a tip end lateral po-
sition of the other vehicle in a present lane side,
among lateral positions of the other vehicle in a
direction perpendicular to a travelling direction
of the own vehicle;

the driving support apparatus being character-
ized by further comprising:

a portion determination unit (10) that is con-
figured to determine whether the tip end lat-
eral position of the other vehicle acquired
by the acquiring unit is a lateral position of
a portion other than a front end portion of
the other vehicle;

an estimation unit (10) that is configured to
estimate, when the portion determination
unit (10) determines the lateral position of
a portion other than a front end portion of
the other vehicle, a front end lateral position
of the other vehicle, based on a travelling
direction of the other vehicle, a lateral posi-
tion of the other vehicle, and length infor-
mation in a front-rear direction of the other
vehicle; and

an object determination unit (12) configured
to, when the other vehicle determination
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unit determines that the moving state is
present, determine based on a movement
or a predicted movement of the front end
lateral position into the present lane from
the adjacent lane, the other vehicle to be an
object of a driving support control, and de-
termine based on no-movement of the front
end lateral position into the present lane,
the other vehicle not to be an object of a
driving support control.

The driving support apparatus according to claim 1,
wherein

the object determination unit is configured to calcu-
late, based on a travelling direction and a travelling
speed of the other vehicle existing in the adjacent
lane, an amount of lateral movement of the other
vehicle in a direction perpendicular to the present
lane, and to determine, based on the amount of the
lateral movement, that the front end lateral position
will move into the present lane from the adjacent
lane.

The driving support apparatus according to claim 2,
wherein

the object determination unit is configured to calcu-
late the amount of lateral movement when an accel-
eration factor of the other vehicle is generated in a
direction away from the own vehicle.

The driving support apparatus according to claim 2,
the object determination unit is configured to calcu-
late the amount of lateral movement when the trav-
elling direction of the other vehicle changes to a di-
rection away from the present lane.

The driving support apparatus according to any one
of claims 1 to 4, wherein

the driving support apparatus includes a support
control unit (14) configured to, when the other vehicle
determination unit determines that the moving state
is present, perform a braking control that brakes a
vehicle based on a movement or a predicted move-
ment of the front end lateral position into the present
lane from the adjacent lane, and perform an alert
control that attracts driver’s attention based on no-
movement of the front end lateral position into the
present lane.

Patentanspriiche

1.

Fahrunterstiitzungsvorrichtung (10) fir ein Fahr-
zeug, das mit einer Objekterfassungsvorrichtung
(21, 22) versehen ist, die konfiguriert ist, um ein Ob-
jekt zu erfassen, das ein eigenes Fahrzeug (50) um-
gibt, wobei die Fahrunterstiitzungsvorrichtung eine
Fahrunterstiitzungssteuerung in Bezug auf ein vor-
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ausfahrendes Fahrzeug ausfiihrt, das vor dem eige-
nen Fahrzeug fahrt, basierend auf Erfassungsinfor-
mationen, die Fahrunterstitzungsvorrichtung um-
fassend:

eine Bestimmungseinheit fiir anderes Fahrzeug
(13), die konfiguriert ist, um zu bestimmen, ob
ein sich bewegender Zustand vorhanden ist, in
dem sich ein anderes Fahrzeug auf einer an-
grenzenden Fahrspur angrenzend an einer ak-
tuellen Fahrspur, auf der das eigene Fahrzeug
fahrt, in Richtung der aktuellen Fahrspur be-
wegt;

eine Aufzeichnungseinheit (11), die konfiguriert
ist, um basierend auf den Erfassungsinformati-
onen der Objekterfassungsvorrichtung eine
seitliche Kopfendposition des anderen Fahr-
zeugs auf einer aktuellen Fahrspurseite unter
seitlichen Positionen des anderen Fahrzeugs in
einer Richtung senkrecht zu einer Fahrtrichtung
des eigenen Fahrzeugs aufzuzeichnen;

wobei die Fahrunterstiitzungsvorrichtung da-
durch gekennzeichnet ist, dass sie ferner Fol-
gendes umfasst:

eine Abschnittsbestimmungseinheit (10),
die konfiguriertist, um zu bestimmen, ob die
seitliche Kopfendposition des anderen
Fahrzeugs, die von der Erfassungseinheit
erfasst wird, eine seitliche Position eines
anderen Abschnitts als ein vorderer En-
dabschnitt des anderen Fahrzeugs ist;
eine Schatzeinheit (10), die konfiguriert ist,
um, wenn die Abschnittsbestimmungsein-
heit (10) die seitliche Position eines ande-
ren Abschnitts als ein vorderer En-
dabschnitt des anderen Fahrzeugs be-
stimmt, eine seitliche Vorderendposition
des anderen Fahrzeugs basierend auf einer
Fahrtrichtung des anderen Fahrzeugs, eine
seitliche Position des anderen Fahrzeugs
und Langeninformationen in einer Vor-
warts-Rickwarts-Richtung des anderen
Fahrzeugs zu schatzen; und

eine Objektbestimmungseinheit (12), die
konfiguriertist, um, wenn die Bestimmungs-
einheit fur anderes Fahrzeug bestimmt,
dass der Bewegungszustand vorhanden
ist, basierend auf einer Bewegung oder ei-
ner vorhergesagten Bewegung der seitli-
chen Vorderendposition in die gegenwarti-
ge Fahrspur von der angrenzenden Fahr-
spur bestimmt, dass das andere Fahrzeug
ein Objekt einer Fahrunterstiitzungssteue-
rung ist, und um basierend auf einer Nicht-
Bewegung der seitlichen Vorderendpositi-
on in die aktuelle Fahrspur zu bestimmen,
dass das andere Fahrzeug kein Objekt ei-
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ner Fahrunterstitzungssteuerung ist.

Fahrunterstiitzungsvorrichtung nach Anspruch 1,
wobei

die Objektbestimmungseinheit konfiguriert ist, um
basierend auf einer Fahrtrichtung und einer Fahrge-
schwindigkeit des anderen Fahrzeugs, das auf der
angrenzenden Fahrspur vorhandenist, einen Betrag
einer seitlichen Bewegung des anderen Fahrzeugs
in eine Richtung senkrecht zu der gegenwartigen
Spur zu berechnen, und um basierend auf dem Be-
trag der seitlichen Bewegung zu bestimmen, dass
sich die seitliche Vorderendposition von der angren-
zenden Fahrspur in die aktuelle Fahrspur bewegt.

Fahrunterstiitzungsvorrichtung nach Anspruch 2,
wobei

die Objektbestimmungseinheit konfiguriert ist, um
die Menge an seitlicher Bewegung zu berechnen,
wenn ein Beschleunigungsfaktor des anderen Fahr-
zeugs in eine Richtung weg von dem eigenen Fahr-
zeug erzeugt wird.

Fahrunterstiitzungsvorrichtung nach Anspruch 2,
wobei

die Objektbestimmungseinheit konfiguriert ist, um
die Menge an seitlicher Bewegung zu berechnen,
wenn sich die Fahrtrichtung des anderen Fahrzeugs
in eine Richtung weg von der aktuellen Fahrspur &n-
dert.

Fahrunterstiitzungsvorrichtung nach einem der An-
spriiche 1 bis 4, wobei

die Fahrunterstitzungsvorrichtung eine Unterstit-
zungssteuereinheit (14) beinhaltet, die konfiguriert
ist, um, wenn die Bestimmungseinheit fir anderes
Fahrzeug feststellt, dass der Bewegungszustand
vorhanden ist, Bremssteuerung auszufiihren, die ein
Fahrzeug basierend auf einer Bewegung oder einer
vorhergesagten Bewegung der seitlichen Vorde-
rendpositionin die aktuelle Fahrspur aus der angren-
zenden Fahrspur bremst, und eine Warnsteuerung
ausfihrt, die die Aufmerksamkeit des Fahrers basie-
rend auf einer Nicht-Bewegung der seitlichen Vor-
derendposition in die gegenwartige Fahrspur er-
weckt.

Revendications

Appareil d’assistance a la conduite (10) pour un vé-
hicule muni d’'un appareil de détection d’objet (21,
22) qui est configuré pour détecter un objet entourant
un véhicule propre (50), I'appareil d’assistance a la
conduite effectuant une commande d’assistance a
la conduite par rapport a un véhicule précédent de-
vant le véhicule propre sur la base d’informations de
détection, I'appareil d’assistance a la conduite
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comprenant :

une autre unité de détermination de véhicule
(13) qui est configurée pour déterminer si un état
de déplacement est présent ou non dans lequel
un autre véhicule dans une voie adjacente a une
voie actuelle sur laquelle le propre véhicule rou-
le, se dirige vers la voie actuelle ;

une unité d’acquisition (11) qui est configurée
pour acquérir, sur la base des informations de
détection del'appareil de détection d’objets, une
position latérale d’extrémité de pointe de I'autre
véhicule dans un c6té de voie actuelle, parmi
des positions latérales de I'autre véhicule dans
une direction perpendiculaire a une direction de
déplacement du véhicule propre;

I'appareil de support de conduite étant caracté-
risé en ce qu’il comprend en outre :

une unité de détermination de partie (10)
qui est configurée pour déterminer si la po-
sition latérale d’extrémité de pointe de
I'autre véhicule acquise par l'unité d’acqui-
sition est une position latérale d’'une partie
autre qu’'une partie d’extrémité avant de
'autre véhicule ;

une unité d’estimation (10) qui est configu-
rée pour estimer, lorsque l'unité de déter-
mination de partie (10) détermine la position
latérale d’'une partie autre qu’une partie
d’extrémité avant de l'autre véhicule, une
position latérale d’extrémité avant de l'autre
véhicule, sur la base d’une direction de dé-
placement de 'autre véhicule, une position
latérale de I'autre véhicule et des informa-
tions de longueur dans une direction avant-
arriére de l'autre véhicule ; et

une unité de détermination d’objet (12) con-
figurée pour, lorsque l'autre unité de déter-
mination de véhicule détermine que I'état
de déplacement est présent, déterminer sur
la base d’'un mouvement ou d’'un mouve-
ment prévu de la position latérale d’extré-
mité avant dans la voie actuelle a partir de
la voie adjacente, que l'autre véhicule est
un objet d’'une commande d’'assistance a la
conduite, et déterminer, sur la base de I'ab-
sence de mouvement de la position latérale
d’extrémité avant dans la voie actuelle, que
'autre véhicule n’est pas un objet d’'une
commande d’assistance a la conduite.

2. Appareil d’assistance a la conduite selon la reven-

dication 1, dans lequel I'unité de détermination d’ob-
jet est configurée pour calculer, sur la base d'une
direction de déplacement et d’'une vitesse de dépla-
cement de l'autre véhicule existant dans la voie ad-
jacente, une quantité de mouvement latéral de
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'autre véhicule dans une direction perpendiculaire
a la voie actuelle et pour déterminer, sur la base de
la quantité de mouvement latéral, que la position la-
térale d’extrémité avant se déplacera dans la voie
actuelle a partir de la voie adj acente.

Appareil d’assistance a la conduite selon la reven-
dication 2, dans lequel I'unité de détermination d’ob-
jet est configurée pour calculer la quantité de mou-
vement latéral lorsqu’un facteur d’accélération de
I'autre véhicule est généré dans une direction s’éloi-
gnant du véhicule propre.

Appareil d’assistance a la conduite selon la reven-
dication 2, I'unité de détermination d’objet est confi-
gurée pour calculer la quantité de mouvementlatéral
lorsque la direction de déplacement de I'autre véhi-
cule change dans une direction s’éloignant de la voie
actuelle.

Appareil d’assistance a la conduite selon 'une quel-
conque des revendications 1 a 4, dans lequel
'appareil d’assistance a la conduite comprend une
unité de commande d’assistance (14) configurée
pour, lorsque 'autre unité de détermination de véhi-
cule détermine que I'état de déplacement est pré-
sent, effectuer une commande de freinage qui freine
un véhicule sur la base d’'un mouvement ou d’un
mouvement prévu de la position latérale de I'extré-
mité avant dans la voie actuelle a partir de la voie
adjacente, et effectue une commande d’alerte qui
attire I'attention du conducteur sur la base de I'ab-
sence de mouvement de la position latérale de I'ex-
trémité avant dans la voie actuelle.
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FIG.5A

EXAMPLE OF WITHOUT ACTIVATING DRIVING SUPPORT CONTROL
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FIG.5B

EXAMPLE OF ACTIVATING DRIVING SUPPORT CONTROL
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